For committee or multiwinner elections, the Chamberlin-Courant rule (CCR), which combines the Borda rule and the proportional representation, aims to pick the most representative committee (Chamberlin and Courant, 1983) . Chamberlin and Courant (1983) have shown that if the size of the committee to be elected is k = 1 among m ≥ 3 candidates, the CCR is equivalent to the Borda rule; Kamwa and Merlin (2014) claimed that if k = m − 1, the CCR is equivalent to the k-Plurality rule. In this paper, we explore what happens for 1 < k < m − 1 by computing the probability of agreement between the CCR and four kscoring rules: k-Plurality, k-Borda, k-Negative Plurality and Bloc. Our results show that for committees of at least two members, the CCR usually leads to a committee recommended by the k-Plurality rule. Furthermore, we evaluate the probability of the CCR to select the Condorcet committee à la Gehrlein when it exists. The Condorcet committee à la Gehrlein is a fixed size subset of candidates such that every meber defeats every non-member in pairwise comparisons. In this matter, our results indicate that the CCR performs less well than the k-Borda rule and the Bloc rule but better than the k-Plurality and the kNegative Plurality rules.
Introduction
In real multiwinner elections, the output of the voters' preferences (votes, rankings) is a subset of the competing candidates. The size of the subset of the winners can be fixed in advance as in committee selection or parliamentary elections. There are a number of different voting methods that can be used in line with the objective pursued; it may be either to draw up a first list of candidates that will be submitted afterwards to deliberation in order to determine a final winner from this list or to select a subset of candidates (a committee) that accurately reflects the electorate.
Since the pioneer works of Dodgson (1884 Dodgson ( , 1876 , Droop (1881) , and Sterne (1871) , the committee selection framework has been of great interest in the late 80s to numerous research teams among the political scientists, economists and computer scientists. In the social choice literature as in real life, there are many voting rules that can be used for electing committees such as (i)-the constant scoring rules also called k-scoring rules, where k refers to the size of the committee to be elected. Under these rules, each candidate gets some points from each voter according to her position in the voter's preference and the candidates with the k highest aggregated scores are elected. We present and define some well-known k-scoring rules in Section 2. Without being exhaustive, the following papers deal with this approach: Bock et al. (1998) , Debord (1993) , Diss and Doghmi (2016) , Dummett (1984) , Kamwa and Merlin (2015) . It is important to mention that Elkind et al. (2017) , Skowron et al. (2016) recently examined the properties of some voting rules in multi-winner context and proposed a set of natural properties (axioms) by which these voting rules can be examined. (ii)-the rules based on the Approval Voting under which each voter distinguishes the candidates she approves of from those she considers as unacceptable and the winners are the candidates with the largest number of approvals. In the multiwinner context, there are several approaches dealing with approval voting-based rules. The reader is referred to the works of Aziz et al. (2017) , Brams (2008) , Brams et al. (2005) , Kilgour and Marshall (2012) , Kilgour et al. (2006) , among others. (iii)-the rules based on the Condorcet principle which elect the subset(s) of candidates such that no member is beaten in pairwise comparisons by any outside contender. To have a quick overview of this family of multiwinner voting rules, the reader may refer to the works of Barberà and Coelho (2008) , Elkind et al. (2011 Elkind et al. ( , 2015 , Fishburn (1981) , Gehrlein (1985) , Kamwa (2017) , Kamwa and Merlin (2018) , Kaymak and Sanver (2003) , Ratliff (2003) , among others.
According to Elkind et al. (2017) and Faliszewski et al. (2011) , if the objective pursued is not the shortlisting but is to find a diverse committee (such that its members accurately reflect the whole electorate), the voting rule suggested by Chamberlin and Courant (1983) was designed to fulfill such a purpose. The Chamberlin-Courant rule (here after, CCR) combines the proportional representation and the Borda rule (defined later). Given the size of the committee to be elected and the set of all possible committees, the CCR selects the committee(s) that maximize(s) the representativeness value. For a given committee, the representativeness value is equal to the sum of the Borda weights that voters give to candidates that better represent them in this committee. The more a candidate is better ranked by a voter, the more she represents this voter in such a committee. In Section 2, we 2 provide a formal definition of the CCR. The above definition is also known as the utilitarian variant of the CCR; its egalitarian variant has been introduced by Betzler et al. (2013) . For more details on the other variant and the links between both versions, the reader is referred to the papers of Betzler et al. (2013) , Elkind et al. (2017) , Procaccia et al. (2008) . In this paper, we focus on the utilitarian variant as originally introduced by Chamberlin and Courant (1983) .
Notice that in the recent years, there has been a growing interest on the CCR among the computational social choice scientists concerning its complexity and its various approximations. More particularly, it has been shown that finding the winners under the CCR belongs to the class of NP-hard problems.
1 In other words, even though the CCR is suited to ensure proportional representation, finding the outcome(s) can be computationally intractable as the number of candidates and the size of the committee to be elected increase. This drawback may compromise the use of this rule in real elections with a huge number of candidates for the benefice of scoring rules. The important question that then arises is the following: Are there scoring rules equivalent to the CCR in the sense that they always lead to the same outcome as the CCR?
A first answer comes from Chamberlin and Courant (1983) as they showed that when the size of the committee to be elected is equal to one (k = 1), the CCR is equivalent to the Borda rule. However, it is easy to show that this is not necessarily the case when the target size of the committee is k > 1. Recently, Kamwa and Merlin (2014) showed that with m ≥ 3 competing candidates, the CCR is simply equivalent to the Plurality rule (defined later) for k = m − 1. A natural question then arises, namely what about the cases where the target size of the committee is such that 1 < k < m − 1? To the best of our knowledge, there is no analytical answer to this question; and we believe this could be due to the complexity of the CCR. In the first part of this paper we tackle this question by looking how often the outcome of the CCR may coincide with that of the following well-known multiwinner scoring rules: The k-Plurality rule, the k-Borda rule, the k-Negative Plurality rule and the Bloc rule according to various values of the pair (k, m). More precisely, we compute the probabilities of agreement between the CCR and each of the above scoring rules for m ∈ {4, 5, 6} and 1 < k < m − 1 by considering various values for the number of voters (small number of voters as well as the case of large electorates). All our computations are done under the widely used hypothesis of the Impartial Anonymous Culture (defined later).
In the second part of this paper, we continue to bring out the differences between the CCR and the k-scoring rules that we focus on, but this time on the basis of the Condorcet principle. Indeed, what emerges from the debate between Dodgson (1884 Dodgson ( , 1876 and the Society for Proportional Representation is that when electing committees, the Condorcet principle cannot be totally ignored as it seems inconceivable to elect committees with dominated members or to elect dominated committees. A member of a committee is said to be dominated according to the Condorcet principle if there is an external candidate that is majority preferred to this member by more than half of the voters. In a recent paper, Diss and Doghmi (2016) have focused on the conditional probability for the k-Plurality rule, the k-Borda rule, the k-Negative Plurality rule and the Bloc rule to select the Condorcet committee à la Gehrlein when one exists: The Condorcet Committee Efficiency (CCE). The Condorcet committee à la Gehrlein is a subset of k candidates such that each of its members defeats every outside candidate in pairwise majority comparisons (Gehrlein, 1985) . It is clear that the CCE is simply the extension of the single-winner Condorcet efficiency of voting rules to multiwinner context as it is the conditional probability that a given voting rule elects the Condorcet winner when one exists. For further details on the Condorcet efficiency in the single-winner framework, the reader may refer to the works of Diss and Gehrlein (2015, 2012) and the recent books of Gehrlein and Lepelley (2017, 2011) , among others. The second contribution of this paper is to compute the Condorcet committee efficiency of the CCR according to the same values of the pair (k, m) that have been considered in Diss and Doghmi (2016) , i.e., m ∈ {4, 5, 6} and 1 ≤ k ≤ m − 1. Notice that we focus here on large electorates as in Diss and Doghmi (2016) . Again, the probability model on which our results are based is the Impartial Anonymous Culture assumption.
The rest of the paper is structured as follows: Section 2 is devoted to basic notations and definitions. Section 3 presents our results on the probabilities of agreement between the CCR and the four multiwinner scoring rules listed above. Section 4 presents our results on the Condorcet committee efficiency. Section 5 concludes.
Preliminaries
Let N = {1, . . . , n} be a set of n ≥ 3 voters and A = {a, b, c, . . . } the set of m ≥ 3 candidates. We consider the framework in which each voter is assumed to have a linear order on the set of candidates from the most desirable candidate to the least desirable one. Notice that a linear order is a binary relation that is transitive, complete and antisymmetric.
2 In addition, each voter is assumed to act according to her true preferences which clearly means that the setting of this paper does not support strategic voting. We denote by π the preference profile of voters which identifies the specific linear ranking that each voter has on the candidates. In the sequel, we will simply write, abc . . . to denote that candidate a is ranked ahead candidate b who is ranked ahead c and so on. In this context, with m candidates, there are m! possible strict rankings and a voting situation is defined by the vectorñ = (n 1 , ..., n t , ..., n m! ) such that m! t=1 n t = n. The notation n t refers to the number of voters endowed with each of the m! linear orders. For each pair of candidates a, b ∈ A, we denote by n ab the number of voters who rank candidate a before candidate b. If n ab > n ba , we will say that candidate a is majority preferred to candidate b and we denote it by aMb.
As our framework is that of multiwinner elections, we denote by k (k < m) the number of candidates to be elected, i.e., the target size of the committee. In addition, we denote by C m k the set of all possible committees of size k with m candidates. A committee C ∈ C m k is a Condorcet committee à la Gehrlein if each element in this committee beats each element not in it in terms of a pairwise majority comparison. Formally, this means that ∀a ∈ C and ∀b ∈ A \ C, aMb is verified. As mentioned above, the Condorcet committee à la Gehrlein has been suggested in order to avoid committees with dominated member(s). Nonetheless, it does not always exist. That is the reason why other extensions of this concept have been suggested in the literature. We refer the reader to the works of Barberà and Coelho (2008) , Kamwa (2017) , Ratliff (2003) for more information on these notions.
3
A scoring rule is a voting system that gives points to candidates in accordance with the position they occupy in voters' rankings. The total number of points received by a candidate defines her scores for the considered rule. In single-winner elections, the winner is the candidate with the highest score. Naturally, in multiwinner elections, the subset of winners or the elected committee is made by the candidates with the k highest scores. The multiwinner rules considered in this paper are the following: k-Plurality: This rule returns the k candidates with the highest Plurality scores. The Plurality score of a candidate is the total number of voters who rank this candidate at the top of their rankings. Notice that the k-Plurality rule is also called Single Nontransferable Vote (e.g., Elkind et al., 2017) .
k-Borda: It selects the candidates with the k highest Borda scores. The Borda rule gives m − j points to a candidate each time she is ranked j-th and the Borda score of a candidate is the sum of the points received.
k-Negative Plurality: Also called the k-Antiplurality rule, this rule returns the k candidates with the lowest number of last place in the voters' rankings.
Bloc: This rule returns the k candidates with the highest k-approval scores. The k-approval score of a candidate is equal to the number of voters who rank this candidate among their top k ranked candidates. Notice that the Bloc rule is also called Limited Voting (Kamwa and Merlin, 2015) or Constant Scoring Rule (Gehrlein, 1985) .
Chamberlin-Courant: Under this rule one fixes a scoring vector of length m, and each voter's score for a given committee is defined to be the score that she assigns to her most preferred candidate in that committee; the goal is then to find a committee that maximizes the joint scores of all voters. Notice that in line with Chamberlin and Courant (1983) , we consider in this paper the most used vector of scores which is the one defined by Borda. Formally, let r ix be the rank of candidate x in voter i's ranking and w(r ix ) = m − r ix the corresponding Borda weight. We denote by N x (C, π) the set of voters for which the representative in committee C is candidate x for profile π. In other words, for the corresponding profile π, x is the most preferred candidate in the committee C for all voters in N x (C, π). According to Chamberlin and Courant (1983) , the CCR selects the committee which maximizes the representativeness value:
Recall that this paper only deals with the utilitarian approach of the CCR which is described in the definition above. Besides this approach, there are other ways of calculating the representativeness value. The reader interested in more details concerning this rule is referred to Betzler et al. (2013) who suggested the egalitarian variants of the CCR, some based on the Borda rule and others on the Approval rule. Notice that both the utilitarian and the egalitarian approaches are very hard to manage . Lu and Boutilier (2011) have proposed some algorithms for approximating the CCR. For their own purposes, Potthoff and Brams (1998) showed that integer programming can be used in order to determine the winners under the CCR. Nevertheless, as pointed out by Procaccia et al. (2008) , the integer programming does not overcome the complexity of the CCR.
In order to illustrate the different notions presented above, we provide the following two examples. On the one hand, Example 1 gives a profile in which the CCR leads to a committee that diverges from that chosen by the various k-scoring rules. On the other hand, Example 2 shows that this is not always the case since it provides a profile for which the CCR agree with every k-scoring rule studied in the paper. After all computations with k = 2, the scores of the 6 = Card(C m=4 k=2 ) possible committees under the CCR are:
In other words, if the target size of the elected committee is k = 2, the CCR selects {a, b} while the 2-Plurality rule chooses {a, d}; the committees {b, c} and {c, d} tie for the 2-Negative Plurality; the committees {b, c} and {b, d} tie for the 2-Borda rule; finally, the Bloc rule selects the committee {b, d}. As one can notice, the outcomes of the k-scoring rules differ from that of the CCR. Notice also that {b, c} is the Condorcet committee à la Gehrlein (because bMa, bMd, cMa, and cMd) but it is not selected by the CCR.
Example 2. Consider the following profile π 2 on the set A = {a, b, c, d} of m = 4 candidates with n = 6 voters:
The scores of the candidates under the Plurality rule, the Negative Plurality rule, the Borda rule, and the Bloc rule (with k = 2) are as follows: After all computations with k = 2, the scores of the committees under the CCR are:
Thus, for k = 2, the CCR and all the k-scoring rules select the same committee {a, b}. Notice that this committee is also the Condorcet committee à la Gehrlein since aMc, aMd, bMc, and bMd.
3 The agreement between Chamberlin-Courant rule and some multiwinner scoring rules
As stated in Section 1, the CCR combines the Borda rule and the proportional representation; for k = 1, the CCR is equivalent to the Borda rule and for k = m − 1 the CCR is equivalent to the k-Plurality rule. Up to our knowledge, except these two values for the target size of the committee there are no other values of k such that the CCR always coincides with a given k-scoring rule. For any pair (k, m), our objective is then to find how often the outcome of the CCR coincides with that of the k-Plurality rule, the k-Borda rule, the k-Negative Plurality rule or the Bloc rule. For this purpose, we explore the cases for m = 4, 5, 6. In order to find our probabilities, we assume that each voting situation is equally likely: This is called the Impartial Anonymous Culture (IAC). Formally, this model stipulates that all voting situationsñ = (n 1 , ..., n t , ..., n m! ) for specified n and m are equiprobable with n = m! t=1 n t . The integer n t being the number of voters endowed with the t th corresponding linear order. Introduced by Gehrlein and Fishburn (1976) in social choice theory, the IAC assumption is one of the most used assumptions in the literature when computing the likelihood of voting events. For further details on the IAC and other assumptions, we refer the reader to the books of Gehrlein and Lepelley (2017, 2011) .
Methodology
Before giving our results of this first contribution, we describe the methodology applied in order to calculate our probabilities. Under the IAC assumption, obtaining the probability of an electoral event is accomplished by the computation of two elements. The first one is the total number of voting situationsñ = (n 1 , ..., n t , ..., n m! ); it is well-known that for n voters and m alternatives the total number of voting situationsñ is given explicitly by the binomial coefficient
. The second element to be calculated is the number of voting situations associated with the corresponding electoral event, which can be reduced to a finite system of linear constraints with rational coefficients.
As recently pointed out in the social choice literature, the most appropriate mathematical tools to deal with such problems are the Ehrhart polynomials. The background of this notion and its connection with the polytope theory can be found in Gehrlein and Lepelley (2017, 2011) , Lepelley et al. (2008) , and Wilson and Pritchard (2007) . This technique has been widely used in numerous studies in order to evaluate the probability of electoral events in the case of three-candidate elections under the IAC assumption. For further information in this regard, we refer the reader to the recent studies of Courtin et al. (2015) , Diss (2015) , , , 2016 , 2015 , Kamwa and Valognes (2017) , Lepelley et al. (2018) , and Smaoui et al. (2016) . There are strong algorithms that enable to specify the Ehrhart polynomials for many problems in the case of three-candidate elections.
5 As noticed in Lepelley et al. (2008) , these algorithms do not allow to deal with four-candidate elections, where the total number of variables, i.e., possible linear orderings, is 24. However, recent developments within the polytope theory allow us to obtain exact results for the case of m = 4 and small number of voters n ∈ [3, 11]. These results are obtained using the algorithms of Normaliz which is, to the best of our knowledge, the only program which is able to compute the number of voting situations in polytopes corresponding to elections with up to four candidates. The reader who is interested in a deeper understanding of the algorithms of Normaliz is refereed to who describe several results obtained in four candidates elections.
With this software, all computations in dimension 24 can be done but it needs relatively high memory when the number of voters increases. Consequently, computer simulations are used to evaluate our probabilities for m = 4 and n > 11 as well as for m = 5 and m = 6. We describe in the following the methodology applied in the simulations to estimate our probabilities under the IAC condition. Let us consider as an example the probability of agreement between the CCR and the k-Plurality rule for a specific pair (k, m) and a given number of voters n. At the beginning, we randomly generate a voting situation of length m! with n voters. In the second step, we check whether the conditions for which the CCR and the k-Plurality rule agree are fulfilled or not. These two steps are iterated 1, 000, 000 times to obtain the number of voting situations for which the CCR and the k-Plurality rule agree. 6 Finally, the probability of agreement is calculated as the quotient of the number previously obtained in the latest step over the total number of simulated voting situations, i.e., 1, 000, 000.
7 It is important to notice that another technique is used in this paper in order to obtain exact results when the number of candidates is m = 4 and a number of voters tending to infinity. Indeed, it is well known that the calculations of the limiting probability under IAC condition are simply reduced to computation of volumes of convex polytopes. For this, our volumes are found with the use of the algorithm Convex which is a MAPLE package for convex geometry written by Franz (2016) . This package works with the same general procedure that was implemented in Cervone et al. (2005) and recently used in other studies, e.g., Diss and Doghmi (2016) , Diss and Gehrlein (2015, 2012) , Gehrlein et al. (2015) and Moyouwou and Tchantcho (2017) .
Main results
By investigating how often the CCR and one of the k-scoring rules agree, we compute three different probabilities that we deem relevant:
• Probability of agreement of type 1 (P r 1 ): When the CCR and the k-scoring rule both select the same one and only one committee. In this case, for a specific pair (k, m), the symmetry of IAC with respect to candidates requires that the probability of only one case has to be found and then we multiply this result by the number of possible committees in order to find the total probability of agreement of type 1. For example, with m = 4 and k = 2, we first calculate the probability that the CCR and the kscoring rule both select the committee {a, b} and then we multiply this probability by 6 = Card(C m=4 k=2 ), to take into account the fact that the other possible committees can also be the winner for both rules instead of {a, b}.
• Probability of agreement of type 2 (P r 2 ): When the k-scoring rule selects only one committee and that this committee is included in the outcome set of the CCR that may contains more than one committee. It is obvious that P r 2 is equal to P r 1 plus the probability of the cases for which the k-scoring rule selects only one committee (e.g., {a, b}) and that the CCR chooses two or more committees including the one selected by the k-scoring rule (e.g., {a, b}, {a, c}, and {b, c}). The symmetry of IAC with respect to candidates is also useful here to reduce the number of cases that we consider in order to find the total probability of agreement P r 2 .
• Probability of agreement of type 3 (P r 3 ): When a k-scoring rule selects one or more committees and that these committees are included in the outcome set of the CCR. In other words, the set of winning committees under the k-scoring rule is included in the one of the CCR. Again, it is obvious that P r 3 is equal to P r 2 plus the probability of the cases for which the k-scoring rule selects two of more committees (e.g., {a, b} and {b, c}) and that the CCR chooses the committees selected by the k-scoring rule plus (or not) other possible committees with the same size (e.g., {a, b}, {b, c}, and {a, c}).
In this framework, although the symmetry of IAC with respect to candidates allows us to reduce the calculations, we notice that the number of cases still is incontestably high in particular for m = 5 and m = 6. For instance, with m = 6 and k = 2, in addition to the cases included in P r 2 , we need to conduct the calculations for the probability of the situations for which the k-scoring rule selects 2, 3, 4, 5, 6, 10, or 15 committees 8 of size k = 2 with the requirement that the set of its winning committees is included in the one of the CCR. Let us give an example. Suppose that the k-scoring rule selects two committees which belong to the set of winning committees of the CCR. This case corresponds to all voting situations under which the k-scoring rule ranks exactly one candidate (suppose a) in the first position followed by two other candidates (suppose b and c) who tied in the second place followed by the other candidates in the last position with or without ties. In other words, the possible winning committees under the k-scoring rule are {a, b} and {a, c} which should be selected by the CCR in addition (or not) to other possible committees of the same size. Evidently, using the symmetry of IAC with respect to candidates, the probability of this situation has to be multiplied by 60 = to take into account the fact that the other candidates can also be ranked in the first and second places instead of a, b, and c.
Obviously, the probability P r 1 analyses the cases where the rules are decisive (also called resolute); the probability P r 2 assumes that only the k-scoring rule is decisive while the CCR is not and P r 3 supposes that both the CCR and the k-scoring rule are not decisive. We deem relevant to distinguish the cases where the rules are decisive from those they are not 8 These values correspond to the possible cardinality of the set of winning committees among 15 = Card(C m=6 k=2 ) possible committees when the social (collective) ranking on candidates is accomplished under the k-scoring rule. The case of 1 winning committee is considered in the probability P r 2 and the cases 7, 8, 9, 11, 12, 13, and 14 are obviously not possible.
because breaking ties may lead to more complex problems: the choice of the tie-breaking rule is not entirely neutral because it can be used for strategic manipulation purposes as recently pointed out by Aziz al. (2013) , Mattei et al. (2014) , Obraztsova et al. (2011) .
Let us admit that apart from P r 1 , P r 2 and P r 3 , other types of probabilities can be considered. As one can notice, P r 1 , P r 2 and P r 3 address the agreement by only assuming an overlap of the outcome sets that focuses on the committees as a whole. One can go further and imagine the agreement in terms of members; in other words, one would determine the probability that a candidate elected with a k-scoring rule will also be chosen by the CCR with (or without) the same value of k. Exploring the agreement in this way is interesting but it may give rise to the study of some tricky situations as the following one: For k = 2 assume that a k-scoring rule selects the two committees {a, b} and {a, c} while the CCR selects the committee {b, c}. In such a case, we get at the same time an agreement on candidates b and c and also a disagreement on candidate a. Given this particular case, assume that there is a bill that advocates the adoption of the CCR instead of the k-scoring rule and that the likelihood of this particular case is not negligible: If candidate a knows that she has great chances of being appointed no matter what is the elected committee under the k-scoring rule, she will strongly militate against the constitutional change (the adoption of the CCR) and she will promote the status quo (the k-scoring rule). So, analyzing the agreement in terms of members can also be used to explain the (dis)incentives for constitutional changes.
The results of our computations are provided in Tables 6 to 11 in the Appendix; Figures 1 to 3 provide a global overview that allows us to glimpse the possible comparisons between the rules. The probability P r 1 tends to increase with the size of the electorate given m and k. For instance, with (k, m) = (2, 4), the probability of agreement grows from 38.05% with four voters to 72.23% when the electorate tends to infinity for the k-Plurality rule; for the k-Borda rule, it grows form 32.55% to 57.38%; for the Bloc rule, it grows from 23.08% to 45.37%; and for the k-Negative Plurality rule, it grows from 13.85% to 31.93%. In term of agreement with the CCR, the k-Plurality rule dominates the other k-scoring rules in almost all cases. More precisely, for (k, m) ∈ {(2, 4), (3, 5), (3, 6), (4, 6)}, the k-Plurality rule clearly dominates the other k-scoring rules; it is followed by the k-Borda rule, then the Bloc rule and the k-Negative Plurality rule performs the worst. For (2, 5), the k-Plurality rule and the k-Borda rule clearly dominates the Bloc rule which dominates the k-Negative Plurality rule; in this case, as the size of the electorate increases, the dominance between the k-Plurality rule and the k-Borda rule alternates. For (2, 6), the k-Negative Plurality rule performs the worst while the k-Borda rule dominates the k-Plurality rule for n ≥ 8; in this case, the Bloc rule dominates the k-Plurality rule for n ≥ 50. In sum, with respect to the probability of agreement of type 1, the k-Plurality rule tends to dominate the other k-scoring rules while the k-Negative Plurality rule performs the worst.
Concerning P r 2 , we get similar conclusions as with P r 1 . Except for the pairs (3, 5) and (3, 6), in most of the cases, the k-Plurality rule tends to more agree with the CCR, it is followed by the k-Borda rule, then the Bloc rule and the k-Negative Plurality rule makes it worst. It is important to notice that, for a given k-scoring rule and a pair (k, m), as the size of the electorate tends to be large the result P r 2 = P r 1 holds. Why? Recall that P r 2 is equal to P r 1 plus the probability of the cases for which the k-scoring rule selects only one committee which must be included in the set of the winning committees of the CCR containing at least two committees. To obtain P r 1 , our polytopes are only described by strict inequalities while under P r 2 we need weak inequalities. We know that when n increases more and more, these weak inequalities fall to make room for strict inequalities and we recover P r 1 .
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Recall that P r 3 is equal to P r 2 plus the probability of the cases for which the k-scoring rule selects two of more committees while the CCR chooses the committees selected by the k-scoring rule plus (or not) other possible committees of the same size. We get similar conclusions as with P r 2 . More precisely, when both the CCR and a k-scoring rule are both non decisive, the CCR is more likely to agree with the k-Plurality rule than with the other kscoring rules. This probability is definitely weaker with the k-Negative Plurality rule. Once again, for a given k-scoring rule and the pairs (k, m), we get P r 3 = P r 2 for large electorates. The same argument used to explain why P r 1 = P r 2 also stands here; more, the probability that we add to P r 2 in order to get P r 3 goes very quickly to 0 and often it is equal to 0.0000 with 1000 or 1001 voters.
To summarize, under the probabilities P r 1 and P r 3 , except for the pairs (2, 5) and (2, 6), there is a clear-cut that no matter the size of the electorate, the CCR agrees most of time with the k-Plurality rule than with the other k-scoring rules. Under P r 2 , as the size of the electorate varies, the agreement alternates between the k-Plurality rule and the k-Borda rule. From the above, we note that the CCR leads in most of the cases to a committee made by the candidates with the k greatest Plurality scores. 9 As noticed above, the calculations of the limiting probability under IAC condition are simply reduced to computations of volumes of convex polytopes. Discounting ties has no impact because the volume of a region is the same regardless of whether the region includes its bounding hyperplanes or not, and it is exactly the points lying on these bounding hyperplanes that correspond to the ties (included in the voting situations of P r 2 and not in P r 1 ). For more details, we refer the reader to footnote 3 in Cervone et al. (2005) . We continue here the study of the differences between the CCR and the k-scoring rules that we focus on in this paper by evaluating the probability of the CCR to select the Condorcet committee à la Gehrlein when it exists. We also compare our results with the ones obtained in Diss and Doghmi (2016) for the other multiwinner rules.
Methodology
In order to evaluate the Condorcet Committee Efficiency (CEE) for the case of m = 4 candidates, we use here the same method of volumes that has been implemented in the previous section for calculating the probability of agreement between the CCR and the other multiwinner scoring rules. Again, it turns out to be impossible to obtain results in an acceptable time for m = 5 and m = 6. Consequently, to circumvent the impossibility of exact results, we perform a computer simulation to estimate these probabilities using the Monte-Carlo simulation methodology in the spirit of the IAC assumption. As in the previous section, we take into consideration n = 100, 000 voters and we run 1, 000, 000 elections in order to generate our results with a very low margin of error. It is important to precise that the results in Diss and Doghmi (2016) are obtained with the same number of voters but with the generation of 100, 000 iterations instead of 1, 000, 000. The difference in the number of the generated elections in this paper and the one by Diss and Doghmi (2016) has no impact on the results since in both cases our results guarantee a very low margin of error.
Main results
We denote by CCE
and CCE CCR IAC∞ (k, m), the CCE of the k-Plurality rule, the k-Negative Plurality rule, the kBorda rule, the Bloc rule, and the CCR, respectively. Tables 1 to 5 provide the CCE of the five multiwinner scoring rules that we consider in this paper. Figure 4 gives a global overview of the results. Notice that Tables 2 to 5 are drawn from Diss and Doghmi (2016) . In other words, our findings in this section come down in Table 1 which provides the CCE of the CCR for various values of m and k.
First, our results show that the CCE of the CCR tends to decrease when going from k = 1 to k < m − 1 and then it increases at k = m − 1. For instance, for m = 5, the CCE of the CCR varies from 0.8537 for k = 1 to 0.4378 for k = 3 and then it reaches 0.5106 for k = 4; for m = 6 the CCE of the CCR varies from 0.8458 for k = 1 to 0.3574 for k = 4 and then it reaches 0.4731 for k = 5. As expected, we get the equivalence between the CCR and respectively the k-Borda rule (k = 1) and the k-Plurality rule (k = m − 1). Second, as already noticed by Diss and Doghmi (2016) , the k-Borda rule tends to perform better than the other k-scoring rules; it is followed by the Bloc rule. The k-Plurality rule performs the worst. Bringing our results to those of Diss and Doghmi (2016) , it comes out that the CCR does not perform better than the k-Borda rule and the Bloc rule (except for k = 1); it performs however better than the k-Plurality rule. We notice that for k ≤ m 2 , the CCR performs better than the k-Negative Plurality rule and for k > m 2 we get the reverse, where stands for the integer part of the number. To summarize, though the CCR is fitted to produce diverse (proportional) committees, our findings on the CCE tell us that this rule can lead to committees with dominated members most of the time than the k-Borda rule and the Bloc rule.
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Concluding remarks
Despite the fact that the Chamberlin-Courant rule is appropriate to ensure proportional representation, computing the outcomes can be computationally intractable (see for instance Betzler et al., 2013 , Procaccia et al., 2008 , Skowron et al., 2013a , 2015 . As this drawback may compromise the use of this rule in real elections, the aim of this paper was to determine how often the outcome of the CCR may coincide with that of the following well-known rules: The k-Plurality rule, the k-Borda rule, the k-Negative Plurality rule and the Bloc rule. We focused on voting situations with m = 4, 5, 6 candidates and committees of size 1 < k < m − 1. We found that in most of the cases, the k-Plurality rule tends to more agree with the CCR, it is followed by the k-Borda, then the Bloc rule and the k-Negative Plurality makes it worst. Results for m > 6 would have allowed to draw more accurate results. Obtaining them comes up against the limits of probability calculations under IAC assumption even with computer simulations.
We have also drawn a comparison between the CCR and the above four multi-winner scoring rules on the basis of their propensity to select the Condorcet committee à la Gehrlein. when it does exist: The Condorcet Committee Efficiency. Electing the Condorcet committee à la Gehrlein when it exists guarantees a committee with undominated members. Our results told us that the CCR does not perform better than the k-Borda rule and the Bloc rule; it performs better than the k-Plurality rule. Moreover, the CCR performs better than the k-Negative Plurality rule for a size of the committee smaller than half of the number of the competing candidates.
Appendix
Recall that Tables 6 to 11 provide the probabilities P r 1 , P r 2 , and P r 3 of agreement between the CCR and each of the multiwinner scoring rules that we consider in this paper with various values of m and k, the number of candidates and the size of the target committee, respectively. Chamberlin-Courant and k-Negative Plurality P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r Table 7 : The probability of agreement between Chamberlin-Courant and other multiwinner scoring rules, m = 5 and k = 2 n Chamberlin-Courant and k-Plurality
Chamberlin-Courant and k-Borda
Chamberlin-Courant and Bloc
Chamberlin-Courant and k-Negative Plurality P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 Table 9 : The probability of agreement between Chamberlin-Courant and other multiwinner scoring rules, m = 6 and k = 2 n Chamberlin-Courant and k-Plurality
Chamberlin-Courant and k-Negative Plurality P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 Chamberlin-Courant and k-Negative Plurality P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r Table 11 : The probability of agreement between Chamberlin-Courant and other multiwinner scoring rules, m = 6 and k = 4 n Chamberlin-Courant and k-Plurality
Chamberlin-Courant and k-Negative Plurality P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 P r 1 P r 2 P r 3 
